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Groundwater and Surface Water:
How Are They Related?
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Source: Winter, T.C., J.W. Harvey, Franke, O.L., and W.M. Alley, 1998, Ground Water and Surface
Water — A Single Resource, U.S. Geological Survey Circular 1139, Denver, CO.



Natural System — Gaining Stream
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Geological Survey Circular 1139, Denver, CO.



Effects of Pumping on Baseflow

Intermediate Time
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Modified Groundwater Flow Direction

Reduced Groundwater to Stream



After Prolonged Pumping
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Natural Conditions: RECHARGE = DISCHARGE

Dumping € Aquifer Storage > Capture

 AQUIFER

ISCHARGE

\7

Baseflow & Evapotranspiration

Capture:
Increased RECHARGE + Decreased DISCHARGE



How Can We Predict Capture
From Future Pumping?

with a

Groundwater Model



MODEL: A Description or Analogy Used to Help Visualize
Something that Cannot be Directly Observed.

-- Merriam-Webster Dictionary definition no. 11
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GROUNDWATER MODEL: A Computer Program that
Uses Flow Equations to Make Sense of
a Complex Natural System.

INPUT

Numerical Model

Pumping,
Recharge,
Evaporative
Demand

Flow Equations

Evaporation

OUTPUT

Groundwater
Conditions,
Baseflow,
Evaporative
Consumption
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Upper San Pedro Basin
Groundwater Model:
(Pool and Dickinson, 2007, USGS)

* 2 seasons
Includes most of SPRNCA

Calibrated from 1902-2003
Includes entire upper basin

* Forward modeling from
2003-2100 by Lacher (2011)
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What This Groundwater Model Does NOT Do:
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Simulated 1902 Heads
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Simulated March 2013 Heads
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Simulated March 2100 Heads
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PRE-DEVELOPMENT
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PRE-DEVELOPMENT March 2013 March 2100
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UTM Latitude (m North)

Simulated Cool-Season (October - March) Baseflow Capture
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Take-Home Message

* Most pumping in the Upper San Pedro Basin
during 20t century came from aquifer
storage.

* Over the next century, pumping will
increasingly draw from aquifer storage in the
area southeast of Sierra Vista and from
baseflow and ET from the San Pedro and
Babocomari rivers.




Thank youl!

LLacherl@msn.com
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PUMPED WATER

AQUIFER STORAG

Evapotranspiration (ET)
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